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PLIGHT  INVESTIGATION AT HIGH SPEEDS 0? PROFILE DRAG 

0? WING OK A P-1|7D AIRPLAT1E HAVING PRODUCTION 

SURFACES COVERED WITH CAMOUFLAGE PAINT 

By John A.  Zalovcilc  and Fred L.   Daum 

SUMMARY 

A flight investigation was made  at high speeds to 
determine  the profile drag of a P-J|7D airplane •..inj 
having production surfaces covered with camouflage 
paint.     T-'-e profile drag of  a v/lng  section somewhat out- 
board of  the flap was  determined by means  of walte  surveys 
in testa made   aver  a range  of   airplane   lift  coefficients 
from 0.06 to O.rj'.i  mid airplane  Mach numbers i'?or.\ O.iL'y 
to 0."3. 

The results  or   the  tests   indicated thet  a minimum 
profile-drag coefficient of O.OO97 v"-c   attained for 
Lift coefficients from 0.'l6   to 0.^5  at Mach numbers  lucss 
than 0.67.     Below the . :ach number at which compressi- 
bility shock occurred,   variations  in I lach number of  as 
much  as 0.2  appeared  to have no effect on profile-drag 
coefficient.     The  variation in Reynolds  number corre- 
sponding to  this variation in ': i-.ch number,  however,  was 
appreciable  **nii may have had .'jov.it  effect on   the results 
obtained.     Comparison of  the FJrtch number at which 3hocl 
losses '.vo:'e first evident in the v/ahe with the  cnticaJ 
Mach nu.iibor indicated tli.'it oliock waa not evident until 
the  critical Mach number was exceeded by  fit least ü.025« 

INTRODUCTION 

A flight investigation ivas made to determine  the 
•   •   L   Le-drag characteristics  ^r a P-I4.7D airplane 
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•wing with various surface finishes. T»o phases of this 
investigation were reported In references 1 and 2, and 
the third and last phase is reported herein.  In refer- 
ence 1 results were reported of tests made to determine 
boanr'.ary-layer-transitlon locations and profile drag of 
a wing section with faired and smoothed surfaces.  In 
reference 2 results were reported of tests made to de- 
termine the effect of surface roughness on the profile 
drag of the faired surfaces with transition fixed far 
forward. Iha results reported herein are of tests made 
to determine the profile drag of a wing section having 
unfaired production surfaces covered with camouflage paint. 
TA<3  present tests arid those of references 1 and 2 included 
Mach numbers through the critical values; in the present 
tests, however, the fcaeh number range was extended to 
somewhat higher supercritical values than those of ref- 
erences 1 and 2. 

Profile drag was determined by means of wake surveys. 
Trie  tests were made for conditions In which airplane lift 
coefficients from 0.06 to 0.69, Reynolds numbers from 
C.q. x 10^ to 23.1 x ic6, and Mach numbers from 0.25 to O.78 
were obtained. 

APPaRATOS AND TE3TS 

The investigation wag conducted on a right wing sec- 
tion of a T-I4.7D airplane (fig. 1).  This wing section, 
a Republic S-3 section, had a chord of 36.05 inches, a 
thickness of 11 percent of the chord, and was located at 
63 uercent of the semlspan from tho plane of symmetry, or 
about 2 feet outboard of the flap. At this sp&riwise sta- 
tion the teat section included the aileron but was out- 
board of the propeller slipstream, the gun ports In the 
learling edge, and the shell ejector slots in the lower 
surface.  The measured orainates of the test section art* 
given in fractions of tho chord in table I,  The Republic 3-3 
section tested has pressure-distribution characteristics 
similar to those of the NACA 23C11 airfoil. 

The surfaces of the test section were prepared by 
covering the production surfaces with one coat of zinc 
chromate primer, one coat of gray surfacer, and two coats 
of olive-drab camouflage paint. Moacuraments of surface 
roughness made by means of a ahop microscope (described 
In reference 2) Indicated that tr>e surface roughness con- 
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sisted of particles of about 0.0012 Inch In height and 
numbering roughly 10,000 per square inch. 

An indication of surface wavlness was obtained by 
•.leans of a curvature gage (fig. 2) with legs spaced 
i; percent of the test section chord. The «avlnesa con- 
dition of the unfaired and roughened production surfaces 
and also of the faired and smoothed surfaces of refer- 
ence 1 is indicated in figure I4. by the plot of the 
v/avines.- inisx d/c against s/c, where d i3 the de- 
flection of the c-rvature gage,  s is the distance along 
the surface from the leading edge, and c is the test sec- 
tion chord. 

Profile-drag measurements were made «ith a wake-survey 
rake (fig. 3) located 19 percent of the chord behind the 
trailing edge of the test section. The rake was the same 
as that used in references 1 and 2 except that two tubes 
spaced four inches wtr-e added to each end of the rake (mak- 
ing a total width of 2?.9 inches) in order to permit a 
survey of more of the wake at supercritical speeds than 
in references 1 and 2. Wake total and static pressures, 
frefe--strea a imp i-t pressure, and the position of the right 
aileron wore mea-urel with NACA recording instruments. 
The section prof'.le-.lrag coefficients cdo were determined 
by the integrating mathod of reference jj that is, the 
total-press are loss was integrated across the wake and 
then multi->lied by factors depending on free-stream im- 
pact pressure, maximum total-pressure loss, static pressure 
in the wake, and flight Mach number. 

The teats wore made in lev-3l flight, dives, and turns 
at 20,000 feet and over a range of calibrated airspeeds 
from 1'jO to Ü15 miles per hour.  The airplane lift co- 
efficient CL obtained in the tests ranged from O.06 to O.69, 
the Reynolds number R from O.L;. x 10^ to 23.1 x 10^ and the 
Mach number M from 0.25 to O.78. 

RESULTS AND DISCUSSION 

The investigation of flow conditions indicated by 
surface tufts located over a portion of the upper sur- 
face of the P-VfD airplane wing, reported in reference I|, 
showed that norr.ewhat inboard of the test section, at 63 
percent semispan, cross flow was present at Mach numbers 
greater than 0.70 at a lift coefficient of O.I4.O and 
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greater than O.76 at a lift coefficient of 0.15. Be- 
cause of thl3 flow condition and the fact that the wake 
at Mach numbors greater than 0.66 at a lift coefficient 
of 0.1)0 and greater than O.72 at a lift coefficient of 
0.15 extended beyond the limits of the wake-survey rake, 
the -«alte surveys for these flight conditions were not 
evaluated« 

Profile-drag coefficients 3olected for several lift 
coefficients for which the data were most complete are 
plotted against Mach number in figure 5»  Tne correspond- 
ing Reynolds numbers are plotted above the profile-drag 
curves. 

Figure 5 shows that the profile-drag coefficient de- 
creased with lift coefficient and attained a minimum 
value of O.OO97 over a range of lift coefficients from 
at least O.lo to 0.25 &t Mach numbers below O.67.  The 
minimum value of the profile-drag coefficient of the 
faired and smoothed surfaces reported in reference 1 was 
O.OO62. At Mach numbers below that at which compressibil- 
ity shock was evlJent, as indicated by the rapid in- 
crease in profile-drag coefficient, variation in Mach num- 
ber of aa much a3 0,2 appeared to have no effect on the 
profile-dray coefficient. This variation in Mach number, 
however, was accompanied, by an appreciable variation in 
Reynolds number, which may have had some effoct on the re- 
sults obtained.  In the testa of referencea 1 and 2 var- 
iations in Mach number of as much as 0.16, with negligible 
variation in Reynolds number, had no effect on the profile- 
drag coefficient for the wing section with smooth surfaces 
and for the wing section with smooth and rough surfaces 
v/lth transition fixed far forward. 

The flight Mach number and airplane lift coefficient 
at which compressitillty shock losses became evident in 
the .va'.ie ara shown by figure 6. The rapidly increasing 
width of wake with Mach number is shown in figure 7 as un 
indication of the presence oi compressibility shock losses 
In the wake.  In this figure the total-pre3sure loss across 
the wake is presented for several Mach numbers at a lift 
coefficient of about 0.16 aa a plot of AH/qc against y/c, 
where \t[  is the lots in total pressure at position y in 
the waks, q0 Is the free-stroam impact pressure, and c 
is tho chord of the wing section.  (Position y/c = 0 cor- 
responds to the top tuba of the rake.) ,Vake profiles for 
Mach numbers 0.6!(. and O.67 showed no evidence of shock, but 
profilos for Mach numbers 0.68, 0.70, and 0.7G Indicated 
shock of increasing intensity on the upper surface. 
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In figure 6 the demarcation of flight conditions 
with rospecb to tho presence or absence of 3hock losses 
in the wake is well def:ned.  At lift coefficients of 
0.10 and O.50, shock was first indicated at Mach numbers 
O.65 an? 0.62. respectively.  The first indications of 
shock in the wake as shown by figure 6 correspond to the 
beginning of the rapid increase in profile-drag coef- 
ficients in figure 5« 

The critical "ach number for the .vlng section having 
pro'iucüion surfaces covered with camouflage ~<alnt was not 
determined«  The critical Mach number, for the- corresponding 
left siriiif section with faired an;! smoothed ."jurfactin,how- 
ever, -vac determined in tests reported in reference 1. 
This critical lach number, shorn plotted in fjfure C,  nay 
be as touch as 0.0J too high Xor the -rasant tost3 because 
of the method of measuring tho chordwise pressure distri- 
bution and because the left aileron was deflected upward 
about 5° and the right aileron was deflected downward 
about 10. Comparison of the Mach number at which shock 
was first evident in the wake with this critical Mach 
number indicates that shock losses were not evident in 
the wake until the critical Mach number was exceeded by 
at least 0.025. A similar result was obtained in refer- 
ences 1 and 2 except that, in reference 1 for the faired 
and smooth wing section, the critical Mach number was 
exceeded by at leapt O.Ojj.  The appearance of shod: in 
the wake of the unfaired and roughened production sur- 
faces at a lower Mach number than for the faired and 
smooth surfaces may be assoiiated with a lower critical 
Mach number for the unfaired and roughened nroduefcion 
surfaces than for the faired and smooth surfaces. 

C0NCLÜSI0KS 

Tho flight investigation cf the profile drag of 
a P-!.;73 airplane wing having production surfaces covered 
with camouflage paint indicated the following results: 

3. A minimum profile-drag coefficient of O.OO97 
was attained for airplane lift coefficients from 0.16 
to O.25 at Mach numbers below O.67. 

2. Below the Mach number at ,vhich compressibility 
shock ./as evident, as indicated by re.pld rise in profile- 
drag coefficient, variation in ?.*ar:'i number of cs much 33 
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0.2 appeared to have ao effect on profile-drag coeffi- 
cient.     The variation iu Reynolds nuiaber  bh A ccrrearxaiAed 
to  taia variation in Mach nunber v;e.3   appreciabla  and r.iay 
have hRd some 9fffcot on the results  o"ütt>i:ieü. 

3«  Comparison of tr<e "..;üC> iiuivber  at which  shod; 
IOSEC;: were first evident in Li^o  .;ako with  tins critical 
Kaeh nuiiber of  the win• section with faired :md snoot!; 
3iirfacs3  i.:C.c ited that ca.pressibilit     shod: losses 
were not evident until the  ci'ib:.cal Uach nunber was 
exceeded by at least 0.025- 

Langley Memorial Aeronautical Laboratory 
national   Advisory Coi".nnittee for  Aeronautics 

Langley Field,   Va. 
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Figure  4.-  Surface-wavinees   index  of unfaired and  roughened 
production  surfaces  and  of  faired  and  smoothed  surfaces. 
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o No evidence of shock in wake 
+ Evidence of shock in wake 
 First indication of shock in wake 
 Critical Mach number for section with faired 

and smoothed surfaces (reference 1) 

w NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 6.- Variation with airplane lift coefficient of 
critical Mach number and Mach number at which shook 
became evident in wake. 
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